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Disclosed is a porous membrane consisting of a film-forming polymer characterized in that 

momh (3) in a V east om surface hereof,, pores extending in a direction substantially perpendicular to the 

membrane surface are present at a surface pore density of 20 to 80%, said pores having an IveZe core 

t^!!LT n ^ ran9 ° ° f 0 01 t0 100 Um ' 3 rati0 0f maior to ™™ ■*» "'thin the Tige 
and a coefficient of variation of pore diameter within the range of 0 to 50%; and 

(b) the overall porosity of said porous membrane is within the range 'of 20 to 90%. 


ai 


Xerox Copy Centre 


20 


25 


30 


0 247 596 


Porous Membran 


Background of the fnvention 
11 freld of the Invention 


35 


40 


45 


50 


fine ^SI^Z^™ membraneS f ° r ~"«* in the «**" * «u.d* to remove any 

™ 2) Description of the Prior Art 

m-bTaneL^^^^ ^ ^ *** 0) asymmetnc^ 

(2) homogeneous membranes which Ztfn!^ !S ^ "* 3 VOid ,ayer ' 

« "stretching the resulting preform and fSude ftr^S, 9 „ f*" CrySta " ,ne polyolefin and *« «*»" 
fibrils and knotted W) 11^^ tT^ 9 ^ surround8d ^ 
bombarding a polymer film offer exS ^ ! Sfrai9ht ^ type wnich «• made by 

pores e^ding^^ - *** cylindrical 

have^dTpr d=^ t in the dens. ,ayer generally 

asymmetrical Membranes are^SJ mad 'by I VXZVorZT^ ""t M0 ~ W - 
membranes have the disadvantaqe that once dLr. ^ 89 reaS0ns ' mese asymmetrical 

marked increase in filtering T^S^^iTZt ^ ^ !L 9 ° 3 Ch3n 9 e and hence «xh>brt a 

comprises treating th ^ZZSTS, a s^mS ^ 3 T^' 1 Pr0Cedure is re < ulred 
They are further disadv^^^ ^? as . 9,ycero ' «* «*n drying them carefully, 

retained within the p-TofE^JLT^ ' S mate^ ' a, t0 be filtered is eas » y 

wi ^:r s to r orem8ir ^^ material retained 

Place by other routes. However vZ yeT^L T h T be ° 0me Cl ° 99ed ' filtration can tek e 

difficult to restore the! filtering V 9 ^ " V °' Ume maSon nature «» because it is 

dens^slmit^ have ■» disadvantage that their surface pore 

per unit membrane areTTpresenf ™' JSSSS * impossible to e "^ce their fluid permeabiiity 
pore density are not avaHabie P membranes of the straight-pore type having a high surface 

Summary of the fnvention 

the CS32£? as^ZTof^l^Z* Pr0V, ' d h e 3 P ° roUS memb ™ *** - overcome 
pore diameter distribution a^fhigh LTce I" 9 °° d Stability ' a na ™ 

substantial* perpendicui^ mC,UdeS ^ 8Xlendi " 9 in a direc «°" 

PO^SSSL^^ 1 ^ *" iS Pr0Vid6d 3 poraus ««•*"«• consisting of a film-forming 

membSel^ per P endic U ,ar to the 

diameter within the range of 0 01 to 100 J » «h1 • . ' d pores nav,n 9 a" average pore 
and a ooefHcient of variLn ZfZZ^^^J?* - ™" * 10 * 2 °' 
(b) the overall porosity of said porous membran is wtth.n the ! range T20 to 90%. 
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Brief Description of the Drawings 

Figs. 1, 2 and 3 are electron micrographs of the straight-pore layer surface, a cross-section and the 
void layer surface, respectively, of the asymmetricaJ membrane obtained in Example 3; 

Fig. 4 is a schematic illustration of an apparatus suitable for use in the practice of the present 
invention and equipped with a rotary drum; and 

Rg. 5 is a schematic illustration of another apparatus suitable for use in the practice of the present 
invention and equipped with an endless belt. 
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Detailed Description of the Preferred Embodiments 

The porous membrane of the present invention has, in at least one surface thereof, pores extending in a 
direction substantially perpendicular to the membrane surface. As used herein, the expression "pores 
is extending in a direction substantially perpendicular to the membrane surface" means pores having a 
tortuosity factor of 1.0 to 1.2 and a deviation ratio of 0.6 to 1.7 as measured in an arbitrary cross-section 
perpendicular to the membrane surface. Such pores will hereinafter be referred to as "straight pores". 

The term "tortuosity factor" as used herein means the value of l/l 0 for each of the pores appearing in 
the aforesaid cross-section, where I is the length of the curved or straight line extending through the center 
20 of the pore and Zo is the thickness of the porous layer including straight pores (hereinafter referred to as 
"straight-pore layer"). 

The term "deviation ratio" as used herein means the value of d/do for each of the straight pores 
appearing in the aforesaid cross-section, where do is the width of the pore at the membrane surface and d 
is the width of the pore at any position lying within the straight-pore layer. 
25 If the deviation ratio is smaller than the aforesaid range, it is highly probable that the material to be 
filtered will be retained within the pores of the porous membrane, making it difficult to restore its filtering 
function and also reducing its fractionation accuracy. If it is greater than the aforesaid range, the distance 
between adjacent pores will become extremely smail, making it difficult to enhance the surface porosity. 

If the tortuosity factor is greater than the aforesaid range, the fluid permeability of the porous membrane 
may undesirably be reduced because of its increased resistance to the passage of fluids. Moreover, it is 
highly probable that the material to be filtered will be retained within the pores of the porous membrane, 
making it difficult to restore its filtering function. 

It should be noted that a portion in which the tortuosity factor or the deviation ratio is outside the above 
ranges, is not included in the straight-pore. For example, asymmetrical membranes consisting of a straight- 
pore layer and a void layer have a structure in which the pore diameter changes gradually or rapidly from 
the, interface of the two layers. 

The deviation ratio is preferably within the range of 0.7 to 1.5 and more preferably within the range of ' 
0.8 to 1.2. The tortuosity factor is preferably within the range of 1.0 to 1.1 and more preferably within the 
range of 1.0 to 1.05. ' 

In' the porous membrane of the present invention, the pores present in the surface of the straight-pore 
layer (hereinafter referred to as "surface pores") have a circular or elliptical shape, their ratio of major to 
minor axis is within the range of 1.0 to 2.0, and their coefficient of variation of pore diameter is within the 
range of 0 to 50%. Moreover, their average pore diameter is within the range of 0.01 to 100 urn. 

For each surface pore, the arithmetic mean of its major and minor axes is taken to be the pore diameter 
of that surface pore. Then, the arithmetic mean of the pore diameters of N surface pores is taken to be the 
average pore diameter of surface pores. Usually, N is equal to 100. 

The coefficient of variation of pore diameter is calculated from the measured pore diameters of surface 
pores according to the following equation: 

Coefficient of variation of pore diameter = (standard deviation/average pore diameter) x 100 (%) 
If the ratio of major to minor axis is greater than 2.0, the fractionation characteristics of the porous 
membrane may undesirably be reduced when the particles of the material to be filtered have a non- 
sphencal shape or undergo a change in shape during filtration, rf the coefficient of variation of pore diameter 
is greater than 50%. the fractionation characteristics of the porous membrane may undesirably be reduced 
again. If the average pore diameter- is smaller than 0.01 urn. the porous membrane will fail to exhibit a 
satisfactorily high permeability to fluids, and if it is larger than 100 urn, the porous membrane will be 
unsuitable for practical purposes. 
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range of 20 to 80%. «f *f surSce^ d ? nsi J ^ZtZ*? £ ??* ^ ^ " ^ th * 
membrane will undesirably be reduce?. andTrt S ^Z£r'£™ permeability of the porous 
damage because of its redursd ^^T,„ 9 If 0,3,1 80/o • 0,8 P° rous membrane will be liable to 

membrane. «. ^p2SLj!S^^ ™ SETS "1 ^ ° f *° 

the range of 35 to 75%. 9 0f 30 to 80 /0 3,111 more Preferably within 

homo^en^rm^ *>™ They include, for exam P ,e. 

membranes consisting of a SSSS^C? *~l!2SS ~ J" 0 **' ^ 

voids having larger pore diametersTan ttat "JZ^ T ^™**™*^*™^ 00 ™?™* 
^oger^sZmLnes ^ZT^^L^ 9 P °T " an0th9r ™ mb ™e surface; and 

Although no particular ,imZ TpSS^S^^Sl!r T"" therebetwee "' 
the order of about 0.01 to 50 urn In the case of homnlol the straight-pore layer, it is preferably of 
have a value of the order of 5^m" to S^TmS^ST 0US H membranes - * e membrane thickness can 
and the intended use of the merXine m "" m <*»*. depend.ng on the pore diameter of straight pores 

can LXhSt ^u^ - «*« - *e straight-pore layer 

the overal. thickness of *e m^mbrafe £ ^TvlT^tSK T Preferab,y 0t to 50 " m ^ 

Where porous membranes ara to hT^ow f • er 0f 5 ^ to several millimeters, 

may be of tte or^^T^t ££ P SZ£2? B *" membrane "**•— 

straightpore layer may be of the o^r of OOl^ so f m Jf mbranes - and *° thickness of the 

1 to 20 urn in the case of Jw^ZZ^^ZZ £ * ™ * 2 ° ^ most preferab, y 
porous membrane of the SLSSZ^S SSST^STTf " ^ ^ ** 
membranes consisting of a straiqhtoore laver in L £ structures. However, asymmetrical 

voids having a larger pore dSefftl *1 of ^ImT "* 3 VOid which 

preferable because thisTakeTeasv to^n™ TTT"* an ° ther membrane «"*ce are especially 

The overall porostylfperc^nt b ! volLm^ thi permeabi,ity ha "^ing quality is excellent 

the range of 20 to 90%. T£ ^Jlo^ZlVs^Z 7T * *" P"**" 1 inVentfon is within 
porous membrane will undesira^ be Educed and if S 2l2 ' ^ flUid P ermeabili * «* *• 
strength of the porous membrane wHl umShT hf J neater than the aforesaid range, the mechanical 
rangeof 30 to 90% snZSS^^ Z£SSX£7" ^ " ***** "»* ** 

^^r 1 ^ 0 ^ ■ Can b8 measured with a mercurv Porosimeter.' 

so^SinSbn^r^ p r erc wh,ch are — * * 

include fluorine-containing poTymS £2 aToolwSiden^ h 80 '^ ^P' 85 ° f «"* P°* mers 
and trifluoroethylene). pllysuffonel ^vemerTulE , J!**' P^^^thylene copolymers 
terephthalate. Poly(meth)ac^^^^ polyetherimides. polyethylene 

polyacryfonHrile, cellulose^ TclC^e'TfT? 

polyethylene. poly-4-methyM-oentena anri nn V ^ !, - ^ cellulose nrtrate). polyolefin (such as 

styrene. polyivin^lpyS SlZoTrtZ^T^, "*»*™*- P<>ly-«-methyl- 

mers and polypheny^ene oxWet aTwe.^ S P 0 ^^ chloride, silicon poly- 

for the intendS purpose may be "JS^SfSZTJ I* ° re9 ° in9 ' Am °" 9 ^ su « a ^ 
chemical resistance an^ ofte7propertes * COnsideratton for thermal resistance. 

not^S^ Powers (including copdymers, may 

mutual compatibility. Such 

usua,, have different sdubiLes in a ^^1^ T^^Zl^tt 
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be elaborately controlled by utilizing this property. Examples of such blends include polymer alloys 
consisting of a vinylidene fluoride-tetrafluoroethylene copolymer/a polyalkyl (meth)acrylate, polyvinyl 
chloride/a polyalkyl (meth)acrylate, polystyrene/polybutadiene and a styren -acrylonitrile 
copoiymer/polyphenylene oxide. 
5 Now, the method of making porous membranes in accordance with the present invention will be 
described hereinbelow. Although various processes may be used in the making of porous membranes in 
accordance with the present invention, one of the preferred ones is the vapor coagulation process which will 
be specifically described in the following. 

The term "vapor coagulation process" as used herein means a process for producing porous 
70 membranes which comprises the steps of dissolving a film-forming polymer in a good solvent, forming a 
film of the resulting polymer solution, and forcibly contacting the saturated vapor or mist-containing vapor of 
a poor solvent with at least one surface of the fifm, the poor solvent being miscible with the good solvent 
and incapable of dissolving the polymer. Although the mist-containing vapor may comprise an unsaturated 
vapor, it preferably comprises a saturated vapor. 
15 The liquid which produces such a saturated vapor or mist-containing vapor can be any liquid that 
serves as a poor solvent for the aforesaid film-forming polymer. One typical example thereof is water. In 
addition, there can also be used low-boiling organic solvents which can readily produce a vapor such as 
methyl alcohol, ethyl alcohol, methyl ethyl ketone, acetone, tetrahydrofuran and ethyl acetate. However in 
consideration of such factors as handling properties, working environmental conditions, safety and econo- 
20 my. it is preferable to use water. 

In the following description, the wet coagulation process is illustrated in connection with the case in 
which the vapor is produced from water that constitutes a typical example of the liquid serving as a poor 
solvent for the polymer. 

Thus, a porous membrane is made by supplying saturated steam or mist-containing steam to at least 
25 one surface of a film of the polymer solution. 

Any conventionai device may be used to supply steam while controlling its temperature and concentra- 
tion. Usually, saturated steam having a pressure of several atmospheres is ejected from a nozzle and 
supplied to the surface of the film. 

The content of the polymer in the polymer solution affects the overall porosity, pore diameter 
distribution and other properties of the resulting porous membrane, and the optimum content varies with the 
types of polymer and solvent used. However, the content preferably ranges from about 2 to 40% by weight 
and more preferably from 5 to 30% by weight. 

The thickness of the film formed of the polymer solution may suitably be determined according to the 
thickness of the desired porous membrane. However, it usually ranges from about 10 to 2000 urn. Such a 
film can be formed by casting or spreading the abovedefined polymer solution on a support body having a 
smooth surface, such as a glass plate, metal plate, plastic film, rotary drum or endless belt So long as the 
smoothness of the resulting film is not impaired, porous support bodies such as porous plastic films may 
also be used for this purpose. 

Moreover, such a film can also be formed into hollow fibers by properly determining the content of the 
polymer in the polymer solution and spinning it through a nozzle for the formation of hollow fibers. 

Furthermore, if the polymer solution is allowed to flow down from a slit orifice, the film can be formed 
without using any support body. 

Usually, the film so formed is immediately brought into contact with steam. However, the contact may 
be effected after a short lapse of time. 

The good solvent used in the vapor coagulation process may be any of various solvents that can 
dissolve the above-defined film-forming polymer. However, if the good solvent is selected with due attention 
paid to the miscibility of the good solvent and water, a porous membrane having pores extending in a 
direction substantially perpendicular to the memrane surface can be made efficiently. Specifically, this can 
be done by using as the good solvent, a solvent having a solubility of not greater than about 50 g per 100 g 
of water at 20°C. The good solvent should have a solubility of greater than about 0.5 g per 100 q of water 
and preferably 5 g per 100 g of water at 20°C. 

Examples of such solvents include ketones such as methyl ethyl ketone, diethyl ketone, methyl n- 
propyl ketone and methyl isobutyl ketone; acetic esters such as methyl acetate and ethyl acetate; formic 
esters such as methyl formate and ethyl formate; acrylic esters such as methyl acrylate; aromatic alcohols 
such as benzyl alcohol, phenol and cresol; halogenated hydrocarbons such as chloroform, dichloromethane 
and dich loroethane; diketones such as 2,4-pentanedione; and ethers such as diethyl ether. From among 
these solvents, a good solvent for the particular polymer may suitably be selected for use in the vapor 
coagulation process. 
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Although the mechanism by which a porous structure is created according to the vapor coagulation 
process has not been fully elucidated, one possible mechanism is as follows: 

Where the good solvent used for the preparation of the polymer solution has a solubilrty in water (or 
poor solvent) which is equal to or lower than a predetermined level, the supply of steam to the surface of 
the film of the polymer solution produces, within the film, an aqueous phase containing a low proportion of 
the good solvent (hereinafter referred to as "the first phase') arid a good solvent phase containinq the 
polper (hereinafter referred to as "the second phase"). The first phase forms islands, while the second 
phase forms a matrix. As the supply of steam (or water) proceeds, the first phase expands in the direction 
of the film thickness. Correspondingly, the good solvent present in the second phase gradually passes into 
the first phase. Thus, the reduced proportion of the good solvent in the second phase causes the polymer 
to preciprtate and coagulate. Meanwhile, a part of the good solvent having passed into the first phase is 
eliminated from the system by flowing away together with the condensed water or by evaporation 

The above^escribed phase separation and the coagulation of the polymer proceed from the side of the 
f m to wh.ch steam is supplied. Where the thickness of the film is small or the feed rate of steam is high 
the coagulation of the polymer occurs almost simultaneously all over the film and, therefore, straight pores 
of substantially unform size are formed throughout the whole thickness of the film. In contrast, where the 
tiiictoiess of the film is large or the feed rate of steam is low, the coagulation of the polymer proceeds 
slowly in the interior of the film and on the rear side thereof. Wtfmffi&ti^ffi^ 
gonsnnrong me tirst phasf unite with one arajther and increased slw toifb^ 

In the vapor coagulation process, a predetermined amount of steam is supplied to the surface of the 
film in a predetermined period of time. 

The coagulation rate and coagulation behavior of the polymer vary according to the type of the 
polymer, the concentration of the polymer solution, the thickness of the film, the boiling point of the good 
solvent, the miscibilfty of the good solvent and water and other factors. Accordingly, the pore diameter, pore 
diameter distribution, porosity and other parameters can be adjusted to any desired values by properly 
determining steam supply conditions including its temperature, concentration, feed rate, supply time and 
other factors. 

Usually, as the temperature of steam becomes higher and the feed rate (in mg/seccm2) of steam 
bee mes higher, the resulting porous membrane tends to include straight pores having a larger length and 
a smaller pore diameter. Moreover, as the boiling point of the good solvent becomes lower, the resulting 
porous membrane tends to include straight pores having a smaller pore diameter. 

The feed rate at which steam or mist-containing steam is supplied to ft surfac of the film should 
pref rably be within the range of about 0.1 to 1000 mg/sewcm* and more preferably about 0.5 to 100 
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In Figure 4, 7 denotes an nclosure, 8 a film of a polymer solution, 14 and 15 wiping rolls, 16 a washing 
nozzle, 17 an air supply nozzle, 19 a hot air inlet and 20 a hot air outlet. 

Fig. 5 illustrates another apparatus suitable for carrying out the vapor coagulation process. 

In the apparatus illustrated in Fig. 5, while an endless belt 21 is being driven by driving pulleys 22 and 
23, a polymer solution is continuously fed to its top surface. The endless belt 21 is supported by a plurality 
of temperature-controllable rolls 24 and has a mirror-polished surface. Using a gear pump 28, the polymer 
solution is transferred through a feed pipe 27 to a reservoir 29 of the polymer solution located above the top 
surface of the endless belt. The thickness of the film 37 of the polymer solution formed on the top surface 
of the endless belt 21 is controlled by means of a knife coater 30. Then, the film of the polymer solution 
formed on the top surface of the endless belt 21 is made porous by supplying a stream of vapor of a poor 
solvent to the surface of the film from a poor solvent fluid supply nozzle 31 having a plurality of openings. 
Subsequently, the resulting porous film is exposed to air ejected from an air supply nozzle 32 so as to 
evaporate a part of the solvent present in the porous film. Thereafter, this porous film is stripped from the 
endless belt 21 by means of a roll 33, passed through a hot-air dryer 39 having a plurality of rolls 35 
disposed therein, and then wound on a take-up roll 36 to obtain a porous membrane 38. 

In Figure 5, 25 denotes a storage tank, 26 a polymer solution, 34 a roll, 40 a hot air inlet and 41 a hot 
air outlet. 

While the vapor coagulation process has been described with reference to several cases in which a 
porous membrane is continuously produced by using a moving support body, the porous membrane of the 
present invention can be made in both a batch process and a continuous process. 

If it is desired to improve the water permeability of the porous membrane of the present invention, its 
pore walls may be held with a hydrophilic substance. The hydrophilic substance used for this purpose may 
be any substance that has an appropriate degree of hydrophilicity and can be strongly held on the pore 
walls. Examples of such substances include polymers composed of monomers having an HLB value of 2 to 
20 and containing one or more polymerizable unsaturated bonds. 

More specifically, these monomers include monomers having an HLB value of 2 to 20 and one or more 
polymerizable unsaturated bonds such as double bonds (e.g., vinyl linkage and ally! linkage) and triple 
bonds (e.g.. acetylene linkage). In addition, they also include monomers in which the hydrophilic moiety 
comprises an ethylene oxide unit, a phosphoric ester unit a sulfonic group or its salt, a hydroxyl group, a 
carboxyl group or its salt or a quarternary ammonium group, and the hydrophobic moiety comprises a 
hydrocarbon chain (e.g., methylene group, alkyl group, phenyl group, vinyl group, aliyl group or acetylene 
linkage) or an aikylene oxide unit of 3 or more carbon atoms (e.g., propylene oxide unit or butene oxide 
unit). Moreover, diacetone aery lam ide can also be used as the monomer. 

A monomer as defined above and, if desired, a crosslinking monomer and a polymerization initiator are 
dissolved in a suitable solvent to prepare a solution. A porour membrane to be treated is soaked in this 
solution to cause the monomer to be held on its pore wails. Thereafter, the solvent is removed by, for 
example, evaporation and the monomer is polymerized according to any of the well-known polymerization 
techniques such as thermal polymerization. Thus, there can be obtained a porous membrane whose pore 
walls are held with a polymer having a hydrophilic nature. 

The present invention is further illustrated by the following examples. In these examples, using electron 
micrographs (at a magnification of 1000-5000 diameters) made by a scanning electron microscope, the 
overall thickness of the resulting porous membrane and the thickness of its straight-pore layer were 
determined. Moreover, for each of 100 surface pores, their major and minor axes were measured to 
determine the average pore diameter. Furthermore, for each of 100 pores appearing in a cross-section, the 
values of t, to. d and d 0 were measured and the coefficient of variation of pore diameter, tortuosity factor 
and deviation ratio were calculated therefrom according to the above-described equations. 

The surface pore density of the membrane was determined by planimetry, and its overall porosity was 
measured with a mercury porosimester. 

Air permeability was measured by establishing a differentia! pressure of 10 psi across the membrane. 


Example 1 

60 parts of a copolymer consisting of tetrafluoroethylene and vinylidene fluoride in a molar ratio of 
20:80 was dissolved in 40 parts of methyl methacrylate and the resulting solution was maintained in an 
atmosphere of nitrogen at 85°C for 15 minutes to polymerize the methyl methacrylate. 100 parts of the 
polymer composition thus obtained was dissolved in 1900 parts of methyl ethyl ketone to prepare a 
polymer solution. 
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o^llT* & ! m ^ aPP,iCat ° r ' US Mon was cast on a glass plate to a thickness of 
to* um to Torm a film thereof. 

^ ^OH* 1 ' by 0p8nln9 ** valv8 of 8 pipeline arteWn fl *m at a pressure of 3 kg/cm* 
aturated steam was supplied to the surface of the film for 20 seconds from a nozzle disposed at 30 cm 

27 T V t T 9U,3te ^ amounl of "WW ^e pipeline was 267 

S' 2? ^ e M St8am SPreadi " 9 f89i0n 31 3 P 081 * 0 " 30 cm ^ from the ««* was 177 cm* (15 
cm0), the feed rate of the steam was calculated to be. 25 mo/seccm*. When steam was supplied under ttie 
same condftons and rts temperature was measured at a position 1 cm away from the film, it was found to 

W JIT?;* 9 - f , P ° lymer W3S dri8d by exposure 10 a ^ of air 31 25 °C for 1 minute, and 
hen stnpp^d from the glass plate to obtain a porous membrane having an asymmetrical structure. Using a 
scann, g electron m.croscope, the surfaces of this porous membrane and its cross-sections perpendicular 
to the surfaces were examined. h«fwiuiuiw 

« r J? 8 ^f 8 ?° nWBd b/ Steam * mlnut8 Circu,ar or elliptical P 0 ™ havln 9 3 unta diameter and a 
™ • * n0t 9rcat8r * 8n 2>0 were obs8rved ' 0n Us side * membrane, straight 

pom havmg avrrtaally unchanged diameter were observed in cross-sections perpendicular to the surface 

IL2-SS5^ ^ interi ° r ° f 1,19 membrane to *» other surface *«* *vbi*laye» 
oj^edThejporeJ^^ — * ' 

» d JL^p? 1° P< ^ 8appeari " 9 in » ^oss^on of the straight^ore layer, its' tortuosity factor was 

• ♦ ^ ^ *• SUrf3Ce * * e *• •* of major to minor ads, 

average pore d.ameter coeffiaent of variation of pore diameter, and surface pore densrty were determined. 

ho^TabTl ^ * POrOUS membran9 W3S det8rmlned - ^ resuIts obtained » 
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shown in Table 1. 
Examples 2 and 3 


feed TJT^ , ^ Und9r * Same COndte 88 described in 1 > except that the 
» rht^-f ^T* m9/SeC#Cm (Example 2) - and 9 - 8 (Exa^Ple 3). The structural 

30 charactenst.cs and other properties of these porous: membranes were evaluated and the results of 

evaluation are shown in Table 1. 

^ obtelned ' an ^^Wcal membrane comprising a straight-pore layer and®* 

qt ^ yer - ^ ^ dlamet9rS 31 1,18 SUrface 01 ^ void la V er ^ ^ about 10 to 100 urn - ' 

When the temperature of the steam was measured in the same manner as described in Example 1 it 
35 was found to be 56'C (Example 2) and 44«C (Example 3). Deamtxampiei.it 


Examples 4 and 5 

*J?2 3 P °lr er 8 °! Uti0n C ° mp0Sed 0f 100 parts of and 900 parts of methyl 

ethyl ketone, a film was formed in ft same manner as describ d in Example 1 

^ made under *™ «»■ as described in Example 1. 
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Example 7 

40 parts of a copolymer consisting of tetrafluoroethylene and vinylidene fluoride in a molar ratio of 
20:80 was dissolved in 60 parts of methyl methacrylate and the resulting solution was maintained in. an 
atmosphere of nitrogen at 85°C for 15 minutes to polymerize the methyl methacrylate. 100 parts of the 
polymer composition thus obtained was dissolved in 1900 parts of methyl ethyl ketone to prepare a 
polymer solution. Then, a film was formed in the same manner as described in Example 1. 

Thereafter, a porous membrane was made under the same conditions as described in Example 1, 
except that steam was .supplied to the surface of the film at a feed rate of 15 mg/sec^cm 2 for 45 seconds! 
When the temperature of the steam was measured in the same manner as described in Example 1, it was 
found to be 50 °C. 

The structural characteristics and other properties of the porous membrane thus obtained were 
evaluated and the results of evaluation are shown in Table 1. 


Examples 8 to 12 

Using a polymer solution having each of the compositions shown in Table 2, porous membranes were 
made under the same conditions as described in Example 7, except that steam was supplied at a feed rate 
of 11 mg/sec*cm 2 for 4 minutes. The structural characteristics and other properties of these porous 
membranes were evaluated and the results of evaluation are shown in Table 1. 

In all cases, there was obtained an asymmetrical membrane comprising a straight-pore layer and a void 
layer. 

When the temperature of the steam was measured in the same manner as described in Example 1 , it 
was found to be 44°C. 


Example 13 

The polymer solution was prepared by dissolving, in 1565 parts of methyl ethyl ketone, 40 parts of a 
copolymer consisting of tetrafluoroethylene and vinylidene fluoride in a molar ratio of 20:80 and 60 parts of 
polymethyl methacrylate. 

An apparatus as illustrated in Fig. 4 was used in this example. This apparatus included a rotary drum 1 
made of stainless steel and having a diameter of 300 mm and a width of 300 mm. The drum was equipped 
with a temperature controlling jacket disposed therein, and its surface temperature was adjusted to 20 °C. In 
the horizontal plane containing the shaft of the drum, a knife coater 4 was disposed above the drum 
surface, as illustrated in Fig. 4. While the drum was being rotated at a speed of 0.1 rpm, a polymer solution 
was continuously cast thereon to a thickness of 250 urn. A steam supply nozzle 5, which comprised a 
straight pipe of 12.5 mm inside diameter having a plurality of holes of 4 mm diameter at intervals of 25 mm, 
was disposed at a position 30 cm away from the drum surface. Saturated steam having a pressure of 3 
kg/cm 2 was ejected from this nozzle and Supplied to the surface of the film at a rate of 1660 mg/sec over a 
surface area of about 300 cm 2 . 

Then, on the underside of the rotary drum, the resulting porous film 9 was predried by exposure to dry 
air ejected from an air supply nozzle 10. Further, on the side opposite to the knife coater, a free roll 11 was 
brought into contact with the rotary drum to strip the porous film from the rotary drum. 

Finally, the porous film was passed through a dryer 18 kept at 50°C and then wound on a take-up roll 

13. 

The structural characteristics and other properties of the porous membrane thus obtained were 
evaluated and the results of evaluation are shown in Table 1. 


Example 14 

An apparatus as illustrated in Fig. 5 was used in this exampl . This apparatus included an endless belt 
21 made of stainless steel and having an overall length of 2 m and a width of 330 mm. While the belt was 
being driven at a speed of 25 cm/min by driving pull ys 22 and 23 having a diameter of 250 mm, the same 
polymer solution as used in Exampl 1 was continuously fed to the surface of the belt. Thus, a film 37 of 
the polymer solution having a thickness of 250 urn was formed. A steam supply nozzle 31, which 
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r« J f* 9 P P !- 0f 12,5 mm i0Side diameter havin 9 3 P |ura,itv of *** of 4 mm diameter at 

™* th ^T ^ ^ n022,e ^ "H* 30 "* wWl the ^ at a f ed rate of 1 0 

mg/sec«cm*. Thus, the film was coagulated and made porous. 

Then, the resulting porous film was exposed to air ejected from an air supply nozzle 32 so as to 

ZT£Z» T ° f * e ^ PreSem in *• POrOUS film - * e P° ro - «K was Sipped ^m the 

belt. Further, the porous film was dried in a hot-air dryer 39 kept at 60'C and then wound on a take™ Z 

eva i^Lt^T , ra Ch I aC l 8riSt ! CS K and ° tt,er Properties * the porous m^brane thus obtained were 
evaluated and the results of evaluation are shown in Table 1. 


IS 


Example 15 


t^J^^^TTTl W3S made U " der 1,18 Same conditSon s as described in Example 14. except that the 
shov^rlbt; ^ m9,Sec ' cm2 - resu,te * « v "n of this porous membrane are 
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f^ZT^l^^ WaS madS Under the same conditions as described in Example 14. except that the 
shotn £ ^ 15 "° m9/SeC ' Cm2 - Th9 ""«*• of evaluaUon ° f ™* P°™* membrane are 


Example 17 


so 


35- 


40 


«J1 P r^| S mem ^ e was made under conditions as described in Example 14, except that the 

S 1 ™ k 31 ^ 31 3 P ° Sm ° n 10 Cm *»" * e belt surface. The results of evaluat on 

of this porous membrane are shown in Table 1. 

Example 18 

A porous membrane was made under the same conditions as described in Example 14 exceDt that a 
SSZ SfT bY diSS ° Mn9 50 P3rtS ° f P^acrylonHrile and 50 parts of^renT* "Ji 

Si? Y Y USed - 7,18 reSU,tS ° f eva,uat, '° n of this P° ro " s "eninJTare shown in 


Example 19 

A solution was prepared from 100 parts of H 2 C = CHCOO(EO) tt (POWEO) 1 2COCH = CH 2 (where EO 

ExaSe 1 l^^TST^TJ ?r ° f 6thyl a,COh0 '' " d 0,9 PO~- -embrane obtained in 
ST,nhJ ra T ^ S0,Ut,0n for 3 Seconds - Then ' *• soaked poro "s membrane was placed in an 

atmosphere of nitrogen and heated at 60°C for 30 minutes. 

was?un 0 T^^r^ ane J° W m ° Unted in 3 ^m^ially available filter holder. When water 

was supplied to the straight-pore layer surface of the membrane under a pressure of 200 mmH 2 0 water 
flowed out almost uniformly from the opposite surface. . mmrw. water 

When the untreated porous membrane of Example' 1 was tested in the same manner as described 
above, water failed completely to pass through the porous membrane. aescnbed 


10 


0 247 596 


avow 

<| (1) -H O 


to 


id to 

w o 

© 14 

> o 

o a* 


o 

00 


CM 


15 


20 


25 


30 


35 


40 


45 


50 


55 


a 

© © O O *H 
U4J «C «J O 
O © 4J *M > 

en e m 
<H Q a o 


H 

o 

A 

« 

4J 


© 
O 


>1 

4J 


o 

o 

*• © C0d» 

3 O « 

CO 


4) 4J 


«M > 
© 

O *M 

u o 


a> 

^ u 
o c 

o 

*J E 
O R 


W 

© <0 

id © at 
h h E 

© o a 

> P.-H 


«M O 
O 41 

*H O C-H 

(due 
05 e 


to O 
O 

3 O 

o 

6* 


C 

o 


id 4J 

> M 

© 

Q 


I 


I 

«j u to — * 

>5 C w 


0) 

w 

Qi • 

e o 

X 

u 


o 

CM 
I 


I 

o 


CO 


© 


CM 


to 


I 

O 


I 

o 


I 

o 


I 

o 


I 

o 


I 

o 


o 
o 


CO 

o 


o 
© 


o 
o 


I 

CO 


1 

CO 


in 
m 


11 


0 247 596 


TO 


T5 


-P 

c 

CD 
> 

r-f 
O 

CQ 


25 


30 


35 


40 


45 


CM 

CD 
•H 

m 


a> 

t-i 
O 
ft 


o 

S3 

0) 

rH 

§■ 

X 


ca 
4J 
M 

<d 

ft 

rH 

>lO 
,C O 

-P cn 

i— ( CD 
>t Cj 

a- 5 

a) cd 


CQ 
-P 

<d <u 

ft e w 

>i-P 
O rH U 

in o m 
ft ft 
- O 
u o 
in 

CD 

0) — . 
M O 
>i-H 


CD 
-P 
td 


o 

td +» 

CD 0) 


td 

U 
td 


O 


«H U 
>i-P 

+> C 
CD O O 

p «h m 

rH M O 

o u m 
ft <C — 


CO 
Q> 

rH 

ft 


o 
*w 
o 
u 
o 

HO 

x: o 


ca 

•P 

n 
id 
ft 


CD 

rH U 

- o td 
ft ft ft 
o 

o o 
m 

a) 

C! - 

cd ^ 

M O 

■p -p 
to td 
>^ w 

CD 

•h <d 

H MH 
>1-P O 
G -H g 

cd c 

XI o <=> 
ftrH in 

rH U O 

O O m 
Pi rtj 


CQ 
-P 
M 

td 


o 
in 


cd 
■a 

•H 

X 

o 

CD 
c 

a> - 


CD 
•P 

td 

-P 

CD CO 

O -P 

fd U 

td 

rH ft 

X2 O 
+» O 


CD co 
E? -P 
>i n 
rH rd 
O ft 
ft 

o o 
o o 

rH 

CD 

C - 

CD — s 

U o 

>t-H 
-P +» 


CO 
CD 


rd 
U 

U 
td 


O 


-H 

M - 
-P 
-H 

O o 

>1\ 

no 
u in 


o 

rH 



CD 


> 


O 

e 


M co 

td 

O -P 



CO 

o td 

td 

M ft 

0 

■- CD 

rH O 


45 O 


O cn 



CD 
> 
O 

.q 

td 

co 
td 


co 


CO 

-p 
u 
td 
ft 

o 
o 


CD 
♦H 

O . 

CD 
C 
CD 

rH 
>l 

tS 
CD 

,c 
ft 
>i 

rH 
O 
ft 


50 


55 


The porous membranes of the present invention have the following excellent features* 

tir* in hilt^^f * e ;' narrow P° re diameter distribution, they exhibit excellent performance characteris- 
tics in the fractionation of fine particles. 

S Sf/o h r e 3 hi9h SUrfaCe P ° re d ° nSfty ^ hence a hi 9 h fluid Permeability per unit surface area. 
BMA^S^T^ 6Xtend m 3 mreCti ° n SubstantiaH V P^pendicular to the membrane surface, they 
mS£ S *S m2 i ^ a9 . 9 , ° f flUidS ^ h6nCe 3 hi9h fluid Permeability. Moreover, there is little 
SSI? f ^ 10 be filtered iS r6tained wrthin ^ P° rous membrane, and surface filtration 

. (4) Because of their good storage stability, they can be stored in a dry state without any alteration of 
their porous structure. This makes them easy to handle. alteration of 
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The porous membranes of the present invention can be utilized in a variety of fields according to type 
of polymer and the average pore diameter of th surface pores. For example, porous membranes having 
surface pores with an average pore diam ter of about 0.01 to 5 urn can be utiliz d as precision filtering 
membranes for the removal of impurities, the recovery of useful components, and like purposes in various 
fields including water treatment, food production and medical applications. On the other hand, porous 
membranes having an average pore diameter of about 5 to 100 urn can be utilized as filtering membranes 
for the removal of coarse particles or as substrates for composite membranes. 


Claims 

1. A porous membrane consisting of a film-forming polymer, characterized in that: 

(a) in at least one surface thereof, pores extending in a direction substantially perpendicular to the 
membrane surface are present at a surface pore density of 20 to 80%, said pores having an average pore 
diameter within the range of 0.01 to 100 urn. a ratio of major to minor axis within the range of 1.0 to 2.0, 
and a coefficient of variation of pore diameter within the range of 0 to 50%; and 

<b) the overall porosity of said porous membrane is within the range of 20 to 90%. 

2. The porous membrane as claimed in claim 1 wherein said pores extending in a direction substantially 
perpendicular to the membrane surface have an average pore diameter within the range of 0.01 to 10 am. 

3. The porous membrane as claimed in claim 2 wherein said pores extending in a direction substantially 
perpendicular to the membrane surface are present at a surface pore density of 35 to 75% and the overall 
porosity of said porous membrane is within the range of 50 to 80%. 

4. The porous membrane as claimed in claim 1 wherein said pores extending in a direction substantially 
perpendicular to the membrane surface are present in one membrane surface and another membrane 
surface consists of a void layer which comprises voids having a larger pore diameter than that of said 
pores. 

5. The porous membrane as claimed in claim 4 wherein said pores extending in a direction substantially 
perpendicular to the membrane surface have an average pore diameter within the range of 0.01 to 10 urn. 

6. The porous membrane as claimed in claim 8 wherein said pores extending in a direction substantially 
perpendicular to the membrane surface are present at a surface pore density of 35 to 75% and the overall 
porosity of said pores is within the range of 50 to 80%. 

7. The porous membrane as claimed in claims 1 to 6 wherein said film-forming polymer is a polymer 
that is insoluble in water and soluble in one or more solvents having a water-solubility of not greater than 50 
g per 100 g of water. 

8. The porous membrane as claimed in claims 1 to 6 wherein said film-forming polymer is a (meth)- 
acrylic ester polymer or a polymer blend containing a (meth)acrylic ester polymer. 

9. The porous membrane as claimed in claims 1 to 6, wherein said film-forming polymer is a polymer 
blend containing a (meth)acrylic ester polymer, and a fluorinated polyolefin or a copolymer of two or more 
fiuorinated polyolefins. 

10. The porous membrane as claimed in claims 1 to 6 wherein said film forming polymer is a 
copolymer of styrene or a derivative thereof and acrylonitriie or a derivative thereof. 

11. The porous membrane as claimed in claims 1 to 6 wherein at least a part of the pore surfaces have 
been made hydrophilic. 

12. The porous membrane as claimed in claims 1 to 6 which is continuous in its lengthwise direction 
and has been made by use of a moving support body. 


13 


0 247 596 


F I G.1 



20/fm 


FIG.2 



0247 596 
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